Structure determinants and substrate recognition of serine carboxypeptidase-like acyltransferases from plant secondary metabolism.
Structures of the serine carboxypeptidase-like enzymes 1-O-sinapoyl-beta-glucose:L-malate sinapoyltransferase (SMT) and 1-O-sinapoyl-beta-glucose:choline sinapoyltransferase (SCT) were modeled to gain insight into determinants of specificity and substrate recognition. The structures reveal the alpha/beta-hydrolase fold as scaffold for the catalytic triad Ser-His-Asp. The recombinant mutants of SMT Ser173Ala and His411Ala were inactive, whereas Asp358Ala displayed residual activity of 20%. 1-O-sinapoyl-beta-glucose recognition is mediated by a network of hydrogen bonds. The glucose moiety is recognized by a hydrogen bond network including Trp71, Asn73, Glu87 and Asp172. The conserved Asp172 at the sequence position preceding the catalytic serine meets sterical requirements for the glucose moiety. The mutant Asn73Ala with a residual activity of 13% underscores the importance of the intact hydrogen bond network. Arg322 is of key importance by hydrogen bonding of 1-O-sinapoyl-beta-glucose and L-malate. By conformational change, Arg322 transfers L-malate to a position favoring its activation by His411. Accordingly, the mutant Arg322Glu showed 1% residual activity. Glu215 and Arg219 establish hydrogen bonds with the sinapoyl moiety. The backbone amide hydrogens of Gly75 and Tyr174 were shown to form the oxyanion hole, stabilizing the transition state. SCT reveals also the catalytic triad and a hydrogen bond network for 1-O-sinapoyl-beta-glucose recognition, but Glu274, Glu447, Thr445 and Cys281 are crucial for positioning of choline.